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ABSTRACT
To make the most of ridesharing opportunities, small satellite (SmallSat) mission designers endeavor to pack as much
payload into a SmallSat-class form factor as possible. The mass and volume constraints of this smaller vehicle class
present a challenge for interplanetary mission sets that require a means of achieving orbit insertion at their destination
of interest. For a fully propulsive orbit insertion design, this may translate to the propellant mass being a significant
fraction of the overall vehicle mass and prolonged insertion time. Aerocapture is a single quick maneuver that can
significantly reduce the required propellant mass for orbit insertion. Because aerocapture uses a planet’s atmosphere
to achieve the necessary change in velocity, a protective aeroshell is needed. The constraints imposed on secondary
payloads render traditional rigid aeroshells mass and space prohibitive for the SmallSat class of vehicles; thus,
warranting consideration of deployable designs that can be stowed compactly until needed for atmospheric entry. The
Hypersonic Inflatable Aerodynamic Decelerator (HIAD) is a deployable aeroshell that leverages inflatable toroids to
achieve the large drag area needed for aerodynamic deceleration. While the technology is currently being analyzed
for Mars human-scale missions, it has the potential applicability for interplanetary SmallSat-scale missions as well.
This paper highlights a study conducted during an internship at NASA Langley Research Center to investigate the
feasibility of using a scaled-down HIAD design in SmallSat aerocapture missions. Several scaling methodologies are
investigated including use of parametric models and direct computer-aided design (CAD) model scaling. Candidate
HIAD configurations that conform to secondary payload adapter requirements are identified. The Program to Optimize
Simulated Trajectories II (POST2) is utilized to conduct orbit insertion performance and trajectory sensitivity studies
using the candidate configurations at Earth, Venus, and Mars. The results of the study indicate that multiple SmallSatsized HIAD designs, targeting a range of SmallSat payload classes, are feasible for planetary aerocapture missions to
Mars and Venus as well as Earth-based aerocapture missions.
SMALLSATS AND SPACE EXPLORATION

dependable, and less costly launches. Together with
steadily increasing ridesharing opportunities, these
factors have made it easier for public, academic, and
private sectors to access space.

The maturation of SmallSat technology over the last
decade capitalizes on the reduced size and higher
capabilities of modern science instruments. Advances in
launch systems have also produced safer, more
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SmallSats are a class of space vehicles that range in
mass from less than a kilogram to a thousand kilograms,
as shown in Figure 1 1. There are many small satellites
and SmallSat constellations currently in Low Earth Orbit
(LEO) performing Earth science missions and serving as
part of Earth’s communications infrastructure. The
pioneering Mars Cube One2 (MarCO) mission with its
success in receiving telemetry data from the InSight
Lander as they flew by Mars and rebroadcasting it to
NASA’s Deep Space Network serves as inspiration and
motivation for Smallsat use in interplanetary travel. As
of June of 2021, NASA’s Science Mission Directorate
has funded seventy-three SmallSat missions and fifty-six
studies across six divisions, with more than forty-four in
planning or implementation stages to destinations
beyond LEO3. These will be supporting missions in
Astrophysics, Heliophysics, and Planetary Science.

typical of interplanetary travel. This can leave little to no
room for the science payload. To take full advantage of
what the SmallSat platform offers, alternative orbit
insertion methods are needed.
Aerocapture for Lower Mass Orbit Insertion
Aeroassist maneuvers are a family of maneuvers that
significantly reduce the amount of propellant needed for
a mission by using the aerodynamic forces resulting from
encountering a planetary atmosphere to perform orbit
transfers, orbit insertion, or planetary entry. Aerocapture
is one such aeroassist maneuver that is used for orbit
insertion. Aerocapture has been studied for decades but
has yet to be flight proven in space. This maneuver
achieves orbit insertion with a single drag pass by flying
deep into the atmosphere and utilizing active guidance to
achieve the target apoapsis. Upon exiting the
atmosphere, a small propulsive burn is conducted to raise
periapsis out of the atmosphere. Although not
completely eliminating propulsive burns, the ΔV savings
achieved with aerocapture are significant. Much of the
required technology associated with aerocapture is also
utilized for entry, descent, and landing (EDL).
Aerocapture and EDL shared technologies include
aeroshell design, thermal protection systems, and
guidance, navigation, and control
systems. Although EDL is arguably a
harder and more complex atmospheric
flight problem than aerocapture, EDL
has been successfully demonstrated on
many planetary bodies. Due to the
shared
technologies,
NASA
aerocapture
technologists
have
deemed aerocapture ready for flight
implementation6.

As technology continues to progress, SmallSats have
great potential to augment current space exploration
capabilities. In recognition of the value and impact of
small satellites, NASA released its Small Spacecraft
Strategic Plan4 in 2019 outlining the goals and strategies
for supporting the continued and expanded use of
SmallSats for performing high-value science

One of these shared technologies is
aeroshell design. Aeroshells provide
drag area to help slow a vehicle upon
entry, as well as thermal protection to
counter the aerothermal effects of entering an
atmosphere. Traditional rigid aeroshells could certainly
be sized to provide the thermal protection and drag area
needed for aerocapture. However, as a key advantage of
SmallSat technology is ridesharing ability, secondary
payload adapter size requirements may limit the
maximum achievable drag area. A deployable aeroshell
is a desirable solution as the system remains compactly
stowed during launch, conforming to adapter
requirements, and can be deployed to geometries much
larger than those achievable with a rigid aeroshell.

Figure 1: SmallSat Classifications
investigations in space. Together with launch system
improvements and subsequent cost reduction, the use of
secondary payload adapters for ridesharing, and the
reduced costs of production and testing of the smaller
formfactor vehicles, have all but eliminated the major
barriers to space.
Using SmallSat missions to study other planets in our
solar system is of great interest; however, orbit insertion
once at the destination is still a technical challenge for
the SmallSat vehicle. The smaller scale of these vehicles
is both the reason for their advantage and for the orbit
insertion challenge. With the development of CubeSat5
technology, as well as the size and load requirements of
secondary payload adapters, using traditional propulsion
for insertion can be mass and space prohibitive for the
SmallSat platform at the hyperbolic approach velocities
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Hypersonic Inflatable Aerodynamic Decelerator
The Hypersonic Inflatable Aerodynamic Decelerator
(HIAD) is an inflatable aeroshell consisting of a stacked-
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torus inflatable structure and a Flexible Thermal
Protection System (F-TPS). HIAD technology has been
under development by NASA for more than a decade,
with a focus on delivering payload masses greater than
1000 kg and as much as an estimated 56,000 kg to
support human missions to Mars7. HIAD diameters for
this range of mission applications is from about 6 meters
to nearly 20 meters. Successfully extending the HIAD
technology to planetary science missions using SmallSat
platforms and aerocapture would advance space
exploration by capitalizing on the reduced cost and
development cycle benefits of small satellite technology.
This would ultimately enable the performance of more
high-valued targeted science in a much shorter amount
of time, furthering mankind’s understanding of Earth’s
planetary neighbors.

General POST2 simulation setup and assumptions:
•
•
•

•
•

Figure 2 shows a general visualization of the aerocapture
scenario in this study.

FEASIBILITY STUDY OVERVIEW
Conducted through an internship with NASA Langley
Research Center, this study endeavored to determine the
feasibility of using the HIAD, scaled down to
accommodate SmallSat sized vehicles, for planetary
orbit insertion via aerocapture. Destinations of interest
evaluated for this investigation were Earth, Mars, and
Venus. The initial approach was to bound the problem
broadly, by first identifying three trial sizes for a
maximum vehicle mass case. Each size was analyzed
using the Program to Optimize Simulated Trajectories II8
(POST2) for orbit insertion performance, as well as for
aerodynamic, atmospheric, and entry flight path angle
(EFPA) sensitivities. The sensitivity study was
conducted using plus and minus three sigma
perturbations.

Figure 2: Aerocapture Mission Concept
(Graphic adapted from Ref. 12)

A six-meter diameter HIAD design is currently being
used in a HIAD orbital flight demonstration project led
by NASA Langley Research Center; the Low Earth
Flight Test of an Inflatable Decelerator (LOFTID) 9. This
6m design was used as the basis for estimating the
scaled-down sizes and initial masses of the candidate
SmallSat HIADs. Having the data from the mass limiting
case, additional analyses were performed to find
SmallSat HIAD sizes that performed within the
operational limits of the current generation of F-TPS.
The second generation (Gen-2) F-TPS has been
successfully tested to 80 W/cm2 10, making a maximum
heating rate of less than 75 W/cm 2 a reasonable target.
Once these sizes were determined, a final exploration of
the approximate additional payloads these SmallSat
HIADS could accommodate was conducted with
promising results. The next two sections describe the
process and findings for each limiting case in more
detail.
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Aerocapture from hyperbolic interplanetary
trajectory scenarios that achieve orbit insertion
for a range of circular target orbits.
Ballistic flight (L/D = 0) and a drag coefficient
of, CD = 1.8. No active guidance
70° sphere-cone geometry with a nose radius
equal to 1/4 diameter for the maximum vehicle
mass limited case and equal to 1/3 diameter for
the maximum heating rate limited case.
Sutton-Graves
model11
used
for
aerothermodynamic heating calculations.
Atmosphere entry interface altitudes of 125 km
for Earth and Mars, and 150 km for Venus.

LIMITING CASE 1 - MAXIMUM VEHICLE MASS
Recalling Figure 1, the mass of SmallSat vehicles can
vary widely. At the heart of launch ridesharing is the
secondary payload adapter. While there are others, the
Moog Space and Defense Group have largely set the
standard for payload adapters with their Evolved
expendable launch vehicle Secondary Payload Adapters,
or ESPA rings1. This study used the maximum mass and
volume constraints for the Standard ESPA with 5/16inch fasteners, or the ESPA Heavy. According to the
2018 ESPA User’s guide13, the maximum mass per port
is 450 kg and as shown in Figure 3, the volume constraint
is 24 by 28 by 38 inches (61 by 71 by 96.5 cm). Based
on these constraints, the vehicle entry wet mass in the
POST2 performance analysis was assumed to be 450 kg
for each SmallSat HIAD candidate.
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capacity of one standard car airbag inflator by
approximately 15%. Thus, an estimate of 4 kg was used
for the inflation system in the scaled SmallSat HIADs to
account for needing two if this heavier COTS solution is
used. An in-depth analysis and system trade study would
be needed for a more mature design iteration, which
would likely result in a lower mass solution. Ultimately,
for the payload adapter mass limited case, the 6-meter
LOFTID design, minus its inflation system, was then
directly scaled for the SmallSat HIAD mass estimates
with an added 4kg for a SmallSat inflation system. These
estimates are summarized in Table 1 for three candidate
SmallSat HIAD sizes.

Figure 3: Standard ESPA Payload Volume
Size and Mass Estimates
To achieve key science goals, the 6-meter HIAD design
for the LOFTID project was intentionally designed
heavier than necessary for a mission ready HIAD,
including a heavier forward segment and additional
ballasting. For the larger scale HIAD, the inflation
system, housed in the forward segment, is bulky and
includes two large nitrogen cannisters. With Commercial
Off the Shelf Components (COTS) being one of the
hallmarks of SmallSat technology, it is not practical to
simply scale down the inflation system. Therefore, the
mass of the inflation system was removed before scaling
and a new inflation system mass estimated. Figure 4
shows a cut-away view of a 6-meter LOFTID HIAD
configuration and the location of the forward segment.

Table 1: Mass Estimates and Associated Ballistic
Coefficients (βE)

The CAD model for the 6-meter LOFTID design (in the
launch or stowed configuration) was used for scaling the
volume to determine the suitability of the candidate sizes
relative to the payload adapter volume constraint. Figure
5 shows the candidate SmallSat HIADs as they would be
stowed for launch and how they fit into the payload
adapter volume constraint. The direct scaling is
simplistic and provides only a rough estimate since it
neglects minimum material thickness considerations and
general mass optimization considerations, such as the
number and size of torii and straps in the Inflatable
Structure. It was however, intended as a notional place
to begin the scale-down analysis. Additional designs that
could fit within the payload adapter constraint are 2meter and 2.5-meter diameter HIADs.

Figure 4: Cut-away 6m LOFTID HIAD
(Graphic credit: Ref. 10)
Potential inflation system replacements suitable in size
and mass for the scale of the SmallSat HIADs include,
but are not limited to, Sodium Azide gas generators,
inflators, and CO2 cannisters. Gas generators can be in
canister form like an automobile airbag inflator, powder
form, or as a Solid-State Gas Generator chip (SSGG
Chip). The SSGG Chip is a NASA funded project being
developed by the University of Arkansas as a satellite
deorbiting balloon inflator and designed for a 1U
CubeSat platform14, which is appealing for its size and
mass if it can be applied to the SmallSat HIAD design.
The heaviest of these options are the NaN3 canister
inflators at approximately 2 kg. Based on preliminary
estimates of inflation volume for a 1.5-meter HIAD
design, the required gas volume would exceed the
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Figure 5: SmallSat HIAD Volume Constraint
Comparison
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POST2 Simulation and Sensitivity Analysis

aero-databases for Mars and Venus, and the LOFTID
aero-database for Earth, which in the simulations provide
the mean atmospheric profile and mean aerodynamic
behavior for each destination. As reality does not
conform to a mean, atmospheric, aerodynamic, and entry
condition dispersion analyses were performed to
investigate potential mission design sensitivities. Since
statistically, a deviation of three sigmas from the mean
provides a 99.7% certainty in an outcome or behavior,
the simulations were re-run for each case, perturbing the
target condition by its plus and minus 3σ values or state.

Using the candidate SmallSat HIAD sizes and
assumptions from the Feasibility Study Overview
section, nominal cases were established for each
candidate size at each planetary destination for a range
of circular target orbit altitudes using a maximum vehicle
mass of 450 kg. The ideal entry flight path angles that
achieved the target apoapsis altitude were found for the
nominal cases by first running the simulation with a
trajectory optimizing algorithm within POST2. Once
found, these were then fixed as the nominal case EFPAs
for the remaining simulations. Table 2 summarizes the
hyperbolic entry velocities and nominal entry flight path
angles. The orbits of interest for Earth were 300 km to
600 km circular equatorial, chosen both to cover a range
typical for Earth observing science missions and to
evaluate aerocapture performance dependency on orbit
altitude. Similarly, for Mars and Venus 200 km to 600
km circular orbits were considered. Mars orbits were
equatorial and Venus orbits were polar.

The results identified sensitivities in all three areas. The
higher density atmospheric profile cases resulted in
surface impact scenarios at each destination planet. This
was also true for the minus 3 sigma aerodynamic cases.
It was however, found that making small adjustments to
the nominal EFPA’s, on the order of 0.04° to 0.08°,
eliminated the impact scenarios and produced
successfully captured cases. Overall, the entry condition
was found to be the most sensitive for the SmallSat
HIADs. Like the aerodynamic and atmospheric studies,
for Earth an arbitrary median EFPA was found that
resulted in successful aerocapture scenarios and covered
the 3σ dispersion range. However, Venus and Mars
tolerated a much smaller EFPA variation, representing
approximately 1σ and 2σ, respectively.

Table 2: Entry Velocities and Entry Flight Path
Angles

LIMITING CASE 2 – THERMAL PROTECTION
LIMITS
For the SmallSat-sized HIAD concept to be considered
feasible for these planetary aerocapture missions and
worthy of further development, the maximum heating
rates must show promise of remaining within the
practical limits of the current generation of F-TPS used
to protect the inflatable structure. Results from the first
limiting case showed that all candidate SmallSat HIAD
sizes were above 200 W/cm2, well over the target
maximum of 75 W/cm2. Therefore, in this limiting case,
the approach was shifted to focus on heating rate
reduction through a small geometry adjustment, further
mass estimate reduction, and entry velocity variation.

Nominal Case Observations
Maximum heating rates and heat loads were dependent
on the destination and SmallSat HIAD diameter, but
independent of target orbit altitude. All maximum
heating rate values were above 200 W/cm2, which is not
unexpected recalling the high ballistic coefficients from
Table 1. Maximum deceleration values were destination
dependent and only minimally dependent on vehicle
diameter. Finally, the cost of orbit insertion, which is the
ΔV required for the periapsis raise plus any apoapsis
correction needed after exiting the atmosphere, is
generally independent of the SmallSat HIAD diameter.
This indicates that modifications to the SmallSat design
to reduce aerothermodynamic heating will not impact the
resulting aerocapture orbit insertion cost.

The first limiting case targeted the largest of the small
satellite categories. This provided room for considering
smaller vehicle masses to reduce the ballistic coefficients
and consequentially, the maximum heating rates. The
effort was iterative and began with changing the nose
radius to one-third of the sphere-cone diameter. The
simulations were run again using only the mass of each
HIAD with the intent of then working forward to find an
upper-mass limit. An additional 2-meter design was
added for consideration, as this size would also fit
comfortably within the payload adapter volume

Sensitivity Analysis Results
The nominal cases at each destination used the Global
Reference Atmospheric Models (GRAM), the HIAD
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constraints. The new masses examined and resulting
ballistic coefficients can be seen in Table 3.

for the SmallSat HIAD mass estimates a very
conservative one. After removing the inflation system,
sensors, and testing instrumentation from the LOFTID
design, the two assemblies contributing to the mass
estimate are the Inflatable Structure (IS) and the Forward
Segment. The Inflatable Structure includes the F-TPS.

Table 3: Ballistic Coefficients and Mass of HIADs

Direct scaling of the Inflatable Structure did not account
for a change in material thickness, nor did it consider
optimizable trades such as the number of torii or the
minor diameter of each toroid. For an improved mass
estimate of the Inflatable Structure for each SmallSat
HIAD size, a MATLAB-based sizing tool developed by
the LOFTID team was employed. This tool provided a
more customized estimate as it allowed for the selection
of a HIAD size-appropriate number of torii. It also
accounted for minimum material thickness requirements
of the toroid material and F-TPS, as well as the size and
number of structural straps required. The use of this tool
resulted in significantly reduced Inflatable Structure
mass estimates. As an example, for the 1-meter design
there was an 82% reduction in the Inflatable Structure
mass estimate.

Examining Earth, the reduced vehicle mass and the
increased nose radius used in the new simulations did
reduce the heating rates, however, as can be seen in
Figure 6, they were still higher than the target value.
Based on these results, the 0.5-meter design was
discarded and a 2.5-meter one was included for
continued analysis. An additional method was
considered next to refine the initial SmallSat HIAD mass
estimates.

The Forward Segment for the 6-meter design for
LOFTID, serves as both a structural member for the
Inflatable structure and a housing for the inflation
system, sensors, and other testing instrumentation (see
Figure 4). The Forward Segment was not massoptimized, it was over-designed since extra mass was
required for the LOFTID mission. While a mature
SmallSat HIAD design would entail a targeted redesign
of the forward segment and subsequent structural
analysis, the scope of this feasibility study did not extend
to that level and a reasonable method for further
refinement of the scaled mass estimate was needed.
The components of the 6-meter Forward Segment were
designed using a factor of safety (FS) of 2.0, for yield,
and 2.6, for ultimate tensile strengths. For a mission
ready design, the FS would more typically be 1.25 and
1.4 for yield and ultimate. The structural analysis
performed on the LOFTID 6-meter design, details the
maximum stresses, or calculated stress, for each Forward
Segment component, as well as the allowable stresses
based on the 2.0 and 2.6 factors of safety. This provided
a basis for comparison of new allowable failure loads
found with Equation (1) using the mission-ready safety
factors.

Figure 6: Max Heating Rates Using HIAD Mass only

A New Mass Estimate
Since HIAD technology is still in development, the 6meter HIAD design for LOFTID was a useful place to
begin, as there was real data available to work with,
including CAD models, mass profiles, and structural
analysis data. As mentioned in the first limiting case, the
LOFTID design had specific science goals which led to
an intentionally heavy design, including extra ballasting
to meet weight goals, and a heavier than necessary
Forward Segment, making the direct scaling approach
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𝑀𝑆 =

(𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑠𝑡𝑟𝑒𝑠𝑠)
(𝐹𝑆 )(𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑠𝑡𝑟𝑒𝑠𝑠 )

−1

(1)

where MS is the margin of safety and FS is the factor of
safety. MS indicates the degree to which the design
satisfies the strength requirements, with a MS ≥ 0
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indicating that the requirements have been met or
exceeded.

reduction was considered next, through variation of entry
velocity.
HIAD Comparison Max Heat Rate
Earth 600 km Target Circular Orbit

The failure loads of the materials selected for each
Forward Segment component exceed the requirements
for allowable stresses; Some, by a factor of 2 or more.
By tightening the margins of safety to a minimum of 0.2
and a maximum of 0.8, and using the mission-ready
safety factors, new allowable stress values were
calculated. Having now lower allowable stress values, a
lighter, application appropriate material was chosen as a
hypothetical substitute for each Forward Segment
component. The density of the new material and CADbased volume of each component were used to estimate
a new mass for the 6-meter design and the SmallSat
HIADs were, again, scaled directly from the new
estimate. The result of this materials-based mass
reduction method was a 20% decrease in the Forward
Segment masses for the SmallSat HIADs. Table 5
summarizes the changes in mass estimates and the
corresponding ballistic coefficients.

Figure 7: Mass Reduction Comparison of
Maximum Heating Rates for Earth
Entry Velocity Variation
For Earth, a Geostationary Transfer Orbit (GTO) to
circular orbit was considered to determine if alternate
mission scenarios with lower velocities are possible. The
GTO scenario begins with a highly elliptical orbit whose
perigee is within the earth’s atmosphere. Once the
atmosphere is entered, the scenario is identical to the
aerocapture mission concept depicted in Figure 2. By
varying the entry velocities, the new simulations
identified a range of velocities, 10.3 to 10.5 km/s, that
both simulate a GTO approach and produce successfully
captured circular orbits at the target altitudes. An
example of the results for the 2.5-meter diameter HIAD
is shown in Figure 8.

Table 4: Summary of Mass Estimate Changes

As mentioned previously, direct scaling does not address
potential material or structural based minimum thickness
requirements. This method, however, maintained some
conservatism, since for a mission-ready design, the
Forward Segment would be mass-optimized, not only
through material choice, but through the potential
removal of excess material as well.
Recalling maximum heating rates were essentially
independent of the target orbit, Figure 7 shows, for an
Earth 600 km circular orbit, the difference between the
mass estimates from the first limiting case and the new
revised mass estimates. The heating rates are improved,
showing the 2.5-meter design within the target range of
75 W/cm2 and the 2-meter close, at 81W/cm2. For Mars,
the new mass estimates put all candidate sizes, 1-meter
through 2.5-meter, within the practical range of the FTPS; however, for Venus the heating rates remained too
high. For Earth and Venus, an attempt at further

Mann

Figure 8: Effect of Entry Velocity on Heating Rates
for 2.5-meter HIAD – Earth Entry
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Max Heat Rate Comparison (HIAD Mass only)
600 km Target Circular Orbit

As can be expected from the Sutton-Graves convective
heat rate model, the maximum heating rates are strongly
proportional to entry velocities. Equation (2) gives the
Sutton-Graves stagnation heat rate formulation as
1

𝜌 2
𝑞 = 𝑘 ( ) 𝑉3 ,
𝑁𝑅

(2)

where k is the thermal conductivity of the atmosphere, ρ
is the atmospheric density, NR is the nose radius of the
HIAD, and V is the entry velocity. For this 2.5-meter
design, the hyperbolic entry condition of 11.5 km/s and
the refined mass estimate produces a maximum heating
rate within the target range, however, there is no room
left in the mass budget for a science payload. From
Figure 8, the 33% to 40% reduction in heating rates
achieved with a GTO approach scenario provides room
for additional payload, making this SmallSat HIAD
design now a good candidate for potential SmallSat
science missions using aerocapture at Earth.

Figure 9: Summarized Results for the F-TPS
Limiting Case
CONCLUSIONS AND DISCUSSION
The intent of this study was to explore the possibility of
extending the HIAD technology to SmallSat aerocapture
missions, leveraging its larger drag area when deployed,
and compact stowed volume to take advantage of launch
ridesharing opportunities. The approach of beginning
with a broadly bound case using a maximum vehicle
mass, ballistic entry, and no guidance, allowed for the
identification of the outer limits of behavior and
performance and informed the direction of additional
investigation. After simulations from this first limiting
case suggested that successful orbit insertion via
aerocapture was possible, the focus shifted to identifying
HIAD sizes at each destination that perform within
current generation F-TPS performance capability.

The escape velocity for Venus is approximately 10.3
km/s, therefore entry velocities between 11.5 and 10.3
km/s were considered to ensure hyperbolic entries
applicable to interplanetary travel. Figure 9 summarizes
the combined effort to reduce heating rates through
refined mass estimates and reduced entry velocities for
Earth and Venus (10.3 km/s versus 11.5 km/s in the
previous simulations). Three SmallSat HIAD designs
were within the F-TPS limit for Earth, and for Venus two
designs were within limit. Mars, with its lower
atmospheric density, was the least challenging with
regard to heating, having four designs showing good
feasibility, including the 1-meter design (not shown). A
final note regarding the heating calculations: as
mentioned previously, the POST2 simulations used
Sutton-Graves formulas for calculations, making all the
values convective heating only. To do a brief check on
the radiative contributions, a conservative BrandisJohnson15 based formulation was used, and it was
estimated that radiative heating would account for less
than 0.5% of the total heating for the SmallSat HIAD
geometries.

The sensitivity analysis indicated the SmallSat HIAD
designs have a strong sensitivity to the entry flight path
angle condition. This suggests that mission planning
should include active guidance as risk mitigation for
these sensitivities. Additionally, from the F-TPS limiting
case it was learned that for a SmallSat HIAD aerocapture
mission to Venus, the approach velocity will be critical
to maximum heating rate management. Finally, the
results of this study provided enough information to
make some estimates about potential science payloads.
For a higher-level concept review, a more detailed
design would be needed to further assess sizing
performance and capabilities. This would include an indepth evaluation of the downscaling of the Inflatable
Structure, a mass-optimized redesign of the structural
Forward Segment, a suitable inflation system for each
size, and mass sizing of components related to guidance,
navigation, and control. The number and minor diameter
of torii, optimized based on load requirements and
manufacturability are some of the key considerations for
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the Inflatable Structure. The strap widths and placement
will also need to be evaluated for their impact on the
structural integrity of the stacked toroid, as they were for
the larger sized HIAD designs16.
Regarding potential payload capacity, as a final
exploration in this study, the three HIAD sizes in Figure
9 were re-run with POST2 to determine the upper mass
limit that these designs could tolerate for the Earth GTO
to 600 km circular orbit scenario. While these SmallSat
HIADs are based on estimates, the potential payload the
1.5-meter, 2-meter, and 2.5-meter diameter HIADs
could carry is approximately 14 kg, 55 kg, and 149 kg
respectively. These payloads target the low end of the
Minisatellite down to the Nanosatellite categories, which
includes CubeSats. Based on the results of this study, it
is hoped that SmallSat-sized HIADs for aerocapture
missions will continue to be explored.
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